Plithogenic Logic and Computation 


Journal Homepage: sciencesforce.com/plc 


Sree foes aw Plithogenic Log. Comp. Vol. 1 (2024) 54-60 


Paper Type: Original Article 
A Refined Neutrosophic Components into Subcomponents with 
Plausible Applications to Long Term Energy Planning 
Predominated by Renewable Energy 


Victor Christianto ! ©, and Florentin Smarandache 2* © 


' Malang Institute of Agriculture, East Java, Indonesia; victorchristianto@gmail.com. 
2 Department of Mathematics & Sciences, University of New Mexico, Gallup, NM 87301, USA; smarand@unm.edu. 


Received: 22 Aug 2023 Revised: 27 Dec 2023 Accepted: 26 Jan 2024 Published: 30 Jan 2024 


Abstract 
It is known that in the long-term planning of future energy supplies, in most countries, it is most likely that the 
energy mix will be predominated by renewable energy generation. While this feature of a predominating renewable 
energy mix appears too far fetched, such long term planning has been suggested, for instance, by Mark Jacobson 
from Stanford and also by John Blackburn. Here we consider two things, the first would be how to consider the 
long-term energy planning based on neutrosophic logic split into subcomponents. 
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1 | Introduction 


The global energy landscape is undergoing a significant transformation, driven by the urgent need to transition 
towards sustainable and reliable renewable energy sources. This shift presents a complex challenge, requiring 
robust and adaptable planning strategies that can navigate the inherent uncertainties and imprecisions 
associated with long-term forecasting. In this quest for effective solutions, the field of neutrosophic logic is 
likely to emerge as a powerful tool for analysis and prediction, offering a framework capable of handling 


imprecise, incomplete, and indeterminate information. 


This article delves into the exciting potential of refined neutrosophic components and subcomponents, 
particularly their ability to be decomposed into subcomponents, for long-term energy planning dominated by 
renewable energy sources. By harnessing the strengths of neutrosophic logic and its refined components, we 
aim to shed light on plausible applications that can empower stakeholders to make informed decisions in the 
face of complex and evolving energy scenatios. 


The following sections will explore the theoretical underpinnings of refined neutrosophic components, delve 
into their decomposition process, and showcase their practical applicability in the context of long-term 
renewable energy planning. 
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It is known that in the long term planning of future energy supplies, in most countries, it is most likely that 
the energy mix will be predominated by renewable energy generation. While this feature of predominating 
renewable energy mix appears too far fetched, such long-term planning has been suggested, for instance, by 
Mark Jacobson from Stanford and also by John Blackburn. Here we consider two things, the first would be 
how to consider long term energy planning based on Neutrosophic logic split into subcomponents. And 
secondly, how to consider 4 stages of energy mix development to be considered by national energy planners 
(sometimes it is called as energy transition plan). 


Embracing Uncertainty: Why Indeterminacy and Intermittency Are Crucial for Long-Term Renewable 
Energy Planning. 


The transition towards a renewable energy future holds immense promise for environmental sustainability 
and energy security. However, achieving this goal necessitates a paradigm shift in how we approach long-term 
energy planning. Traditionally, planning has relied on deterministic models, assuming precise data and 
predictable outcomes. However, the inherent characteristics of renewable energy sources, such as solar and 
wind, demand a new approach that embraces indeterminacy and intermittency. 


Indeterminacy refers to the inherent limitations in our ability to perfectly predict future events. Renewable 
energy sources, like wind and solar, are dependent on variable environmental factors like wind speed and 
sunlight availability. These factors introduce a degree of uncertainty that deterministic models struggle to 
capture. For instance, accurately predicting solar power generation for the next decade is inherently 
challenging due to unpredictable weather patterns. 


Intermittency signifies the fluctuating nature of renewable energy production. Unlike traditional fossil fuels, 
which can be reliably dispatched on demand, solar and wind power generation inherently fluctuates based on 
environmental conditions. This intermittency poses a challenge for grid stability, as it necessitates additional 


measures to balance supply and demand in real-time. 


Ignoring these crucial aspects can lead to several pitfalls: 


e Overly optimistic planning: Underestimating the impact of indeterminacy and intermittency can lead 
to unrealistic expectations regarding the contribution of renewables to the energy mix. This can result 
in inadequate infrastructure investments and planning shortfalls when faced with real-world 
variability. 


e Inefficient resource allocation: Failing to account for intermittency can lead to inefficiencies in 
resource allocation. For example, overbuilding solar capacity in a region with limited sunshine hours 
might be inefficient if not coupled with adequate storage solutions. 


e § Grid instability: Ignoring the intermittent nature of renewables can exacerbate grid stability 
challenges. Without proper planning and integration of technologies like energy storage, fluctuating 
renewable energy supplies can disrupt grid operations. 


Therefore, embracing indeterminacy and intermittency within long-term renewable energy planning is not a 
limitation, but rather a critical step towards achieving a sustainable and secure energy future. By incorporating 


these factors, we can: 


e Develop more realistic and robust plans: By acknowledging the inherent uncertainties and 


fluctuations, we can create plans that are more adaptable and resilient to unforeseen circumstances. 


e Optimize resource utilization: By understanding the limitations and strengths of different renewable 
sources, we can allocate resources more efficiently, focusing on technologies best suited for specific 
regions and grid conditions. 


e Enhance erid stability: By integrating technologies like energy storage and demand-side management, 
we can mitigate the challenges posed by intermittency and ensure a stable and reliable electricity grid. 
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In conclusion, acknowledging and incorporating indeterminacy and intermittency is not a sign of weakness 
but a testament to our commitment to building a resilient and sustainable energy future. By embracing the 
inherent complexities of renewable energy sources, we can pave the way for a future powered by clean, 
reliable, and affordable energy for generations to come. 


2 | Basic Definitions 


In 2013, Smarandache Refined / Split the Neutrosophic Components (TI, I, F) into Neutrosophic 
SubComponents (T1, T2, ...; 11, 12, ...; Fl, F2, ...). Such a Neutrosophic SubComponents is likely to play 
significant role in the case of long term energy planning, i.e. we only split the Indeterminacy I into 11 = proper 
indeterminacy, 12 = intermittency, This is called Quadruple Neutrosophic Set/Logic (4 values), but we can 
have as many values as needed, i.e. n-valued Neutrosophic Set. More recently, that is called Plithogenics Logic, 
with more than 3 components (including indeterminacy and intermittency). 


2.1 | Enhancing Renewable Energy Planning with Fine-Grained Uncertainty 
Handling 


The growing demand for sustainable energy solutions has placed renewable sources like solar and wind power 
at the forefront. However, their inherent variability presents a significant challenge for power grid stability 
and long-term planning. Traditional approaches often struggle to adequately capture this multifaceted 
uncertainty. This is where Neutrosophic Logic, with its ability to handle indeterminacy, emerges as a powerful 


tool. 
2.2 | Neutrosophic Logic: Beyond True and False 


Classical logic operates within a binary framework — a statement is either true or false. Fuzzy logic introduced 
a degree of truth, allowing for statements to be partially true and partially false. Neutrosophic Logic goes 
further, introducing a third component: indeterminacy. This represents the unknown or the degree to which 
the truth or falsity of a statement cannot be determined. 


2.3 | Limitations of Single Indeterminacy 


While Neutrosophic Logic offers a significant improvement over traditional logic for dealing with uncertainty, 
it may not be fully equipped to handle the complexities of renewable energy sources. The single indeterminacy 
component might not adequately capture the distinction between inherent randomness and predictable 


fluctuations. 
2.4 | Introducing Subcomponents: Quadruple Neutrosophic Logic 


This article proposes a refinement: Quadruple Neutrosophic Logic. It splits the single indeterminacy 
component into two subcomponents: 


e Proper Indeterminacy (11): Represents genuine uncertainty, similar to the original neutrosophic 
indeterminacy. 


e Intermittency (12): Captures the predictable fluctuations inherent in renewable energy sources, such 
as the daily and seasonal variations in solar and wind power generation. 


This distinction allows for a more nuanced understanding of uncertainty. For example, a statement like "solar 
power will be available tomorrow" can be evaluated based on both its inherent unpredictability (11) and the 
predictable daily cycle of sunshine (12). 


Benefits of Quadruple Neutrosophic Logic for Long-Term Energy Planning: 


By incorporating intermittency as a distinct component, Quadruple Neutrosophic Logic offers several 


advantages for long-term energy planning: 
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e Improved forecasting: By separating intermittency from general indeterminacy, models can better 
predict the expected fluctuations in renewable energy sources, leading to more accurate forecasts. 


e Enhanced decision-making: A clearer understanding of the different types of uncertainty allows 
policymakers and energy planners to make informed decisions about grid infrastructure, energy 
storage solutions, and integration with other energy sources. 


e Increased efficiency: By accounting for predictable fluctuations, the utilization of renewable energy 
sources can be optimized, reducing energy waste and improving the overall efficiency of the power 


grid. 


2.5 | Beyond Quadruple Neutrosophic Logic: Exploring the Potential of 
Plithogenics 


The concept of Quadruple Neutrosophic Logic serves as a stepping stone towards even more sophisticated 
uncertainty management tools. Plithogenic Logic, a generalization of Neutrosophic Logic, allows for the 
inclusion of more than three components, enabling an even finer-grained analysis of complex phenomena. 


While Quadruple Neutrosophic Logic offers a promising approach for enhancing renewable energy planning, 
further research and development are needed to fully explore its potential and integrate it into existing 
planning frameworks. As we continue to explore advanced logic systems like Plithogenics, we can unlock new 
possibilities for managing uncertainty and building a more sustainable energy future. 


3 | Outline of Plausible Energy Transition, A Roadmap to 
Decentralization and Clean Power 


The way we generate and distribute energy is undergoing a fundamental shift. Traditionally reliant on 
centralized fossil fuel power plants, the world is transitioning toward cleaner, more decentralized energy 
sources. This shift is complex, spanning technological advances, policy changes, and shifts in consumer 
preferences. Here, we outline four key stages of this energy transition: 


Stage I: Centralized Power Producers 


The current dominant model relies heavily on large-scale power plants burning fossil fuels like coal, oil, and 
natural gas. These plants feed into extensive national grids, distributing electricity over long distances. While 
providing energy security, this model contributes significantly to climate change and pollution. 


Stage II: Integrated Power Producers 


This stage marks the beginning of the clean energy revolution. Renewable sources like solar, wind, and 
hydropower begin to gain significant traction, supplementing — but not replacing — traditional power 
generation. National grids still play a crucial role, but the energy mix starts to diversify. Challenges with 
intermittency and storage emerge during this phase. 


Stage III: Rise of Renewable Energy 


Renewable energy sources become increasingly cost-effective and widely adopted. Households, businesses, 
and utility-scale operations turn to solar panels, wind turbines, and other clean technologies. The reliance on 
the national grid lessens, while smart grids and local energy storage solutions ensure stability. This stage sees 
a pivotal shift in the energy landscape. 


Stage IV: Individual Power Producers 


The pinnacle of the energy transition sees a decentralized model take hold. Communities, cities, and even 
individual households generate much of their own electricity through renewable sources like: 


e Solar: Harnessing energy from the sun is a mainstay. 
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Biomass: Utilizing organic matter for power. 
Geothermal: Tapping into Earth's internal heat. 
Water: Hydropower and smaller-scale water vortex systems. 


OTEC: Ocean Thermal Energy Conversion for coastal areas. 


This distributed system is less reliant on large-scale transmission infrastructure, increasing energy 


independence and resilience. 


3.1 | Paving the Way to Individual Power Producers: Key Preparations 


The final stage of the energy transition, "Individual Power Producers," envisions a future where communities 


and even individual households generate most of their own electricity through renewable sources. While this 


stage holds immense promise for a cleaner, more resilient energy future, achieving it requires extensive 


preparation across various sectors. Let's delve into the key areas that require significant groundwork: 


3.1.1 | Technological Advancements 


Enhanced storage solutions: Efficient and affordable battery storage technologies are crucial to 
manage the inherent variability of renewable energy sources like solar and wind. This will ensure 
reliable power supply even during periods of low generation. 


Smart grid infrastructure: Integrating renewable energy effectively requires intelligent grid 
management systems that can optimize distribution, integrate different sources, and handle 
fluctuations. Bi-directional communication and real-time data analysis will be vital. 


Microgrid development: Localized power grids, known as microgrids, can play a crucial role in 
enabling communities and individual users to manage their own energy needs. Advancements in 
microgrid technology are necessary to ensure seamless integration with the larger grid and ensure 
reliability. 


Advancements in renewable technologies: Ongoing research and development in renewable 
energy fields are essential to improve efficiency, reduce costs, and explore diverse renewable sources 
suitable for different geographical contexts. Solar panel efficiency, wind turbine capacity, and 
advancements in technologies like geothermal and ocean energy conversion ate key areas for 
development. 


3.1.2 | Policy and Regulatory Frameworks 


Financial incentives: Creating attractive financial incentives, such as feed-in tariffs and tax breaks, 
can encourage individuals and communities to invest in renewable energy technologies. This can 
significantly lower the upfront costs and promote wider adoption. 


Streamlined permitting and regulations: Simplifying the process for permitting and installing 
individual and community renewable energy systems can significantly increase adoption rates. Clear 
and supportive regulations are essential to balance innovation and safety concerns. 


Grid access and interconnection: Establishing clear and fair regulations for connecting individual 
and community-owned renewable energy systems to the national grid or microgrids is crucial. This 
allows surplus power generated to be fed back into the system, promoting efficiency and grid stability. 


3.1.3 | Social and Community Engagement 


Public awareness and education: Raising public awareness about the benefits of clean energy and 
individual power generation is vital. Educational initiatives can empower individuals to make 


informed energy choices and participate in the transition. 
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e Community building and financing models: Developing innovative financing models, such as 
community ownership of renewable energy projects, can provide access to clean energy for 
individuals and communities with limited financial resources. Fostering collaboration and knowledge 
sharing can accelerate progress. 


e Capacity building and skill development: Providing training and educational opportunities to 
establish a skilled workforce that can install, maintain, and manage individual and community 
renewable energy systems is essential. This ensures the long-term sustainability and success of the 
transition. 


3.1.4 | Benefits of a Decentralized Energy Future 
The transition to clean and decentralized energy has numerous advantages: 


e Reduced emissions: A drastic decline in greenhouse gas emissions is critical for fighting climate 


change. 
e Improved air quality: Cleaner energy sources improve public health by reducing pollution. 
e Energy independence: Communities and individuals gain control over their energy production. 
e =Resilience: Local power generation makes systems less vulnerable to large-scale disruptions. 
e Economic opportunity: Growth in clean energy industries creates jobs and boosts economies. 


3.1.5 | Challenges and Considerations 
The energy transition also faces hurdles: 


e Storage solutions: Managing the intermittency of renewable sources requires advanced storage 


technologies. 
e §Investment: Significant investments in infrastructure and clean energy technologies are needed. 


e Regulatory frameworks: Policies and regulations need to adapt to support decentralized power 
systems. 


4 | Concluding Remark 


The journey toward a clean and decentralized energy future is an ongoing one. Governments, businesses, and 
individuals must work together to promote innovation, investment, and supportive policies. The stages 
outlined here provide a framework for understanding this complex transition and the opportunities and 
challenges it presents. In this review article, we have discussed plausible stages toward fully clean energy along 
with individual power producers and the necessity of introducing neutrosophic subcomponents to include 
both indeterminacy and intermittency in long term energy planning. Achieving the "Individual Power 
Producers" stage is a long-term endeavor requiting comprehensive and sustained efforts across various 
sectors. By focusing on technological advancements, establishing supportive policy frameworks, and fostering 
community involvement, we can pave the way for a future powered by clean, locally-generated renewable 
energy. This journey towards a decentralized and sustainable energy future holds immense potential for a 


cleaner environment, greater energy independence, and a more equitable energy landscape for all. 
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Appendix 


An example of Mathematica code to do simulation of renewable-energy predominated future is outlined. 


